INTRODUCTION
The chemical analysis of rocks and sediments is performed for a variety of environmental and petrological purposes. For example, chemical data are used in the identification of various rock types; also sediments contain significantly higher concentrations of many metals than are found in the overlying water, as such, they must be analyzed for potential pollutant contributions to the environment. The importance of these types of data is well established and has been going on for decades. Silicate dissolution usually involves either a fusion, with subsequent dissolution of the bead, or a wet digestion employing mineral acids. Fusions tend to be limited to major element analyses due to the relatively high dilution factors involved; a desire to quantitate a number of trace (heavy) metals dictates the use of a 1 wet digestion procedure. Various wet digestion procedures have been used with rocks and sediments and have been amply described in the literature (1) (2) (3) (4) (5) (6) (7) . The application of atomic absorption spectroscopy for the analysis of the digestate has also been amply described (1-7).
The digestion technique described herein represents a modification of the procedures outlined by Johnson and Maxwell (5) and Langmyhr and Paus (6) . Table 1 specifies the upper and lower concentration limits; samples containing analyte concentrations greater than the upper limit may be analyzed after appropriate dilution.
SUMMARY OF METHOD
Rocks or sediment samples are dried, ground, and homogenized. An aliquot is digested with a combination of nitric, hydrofluoric, and perchloric acids, in Teflon '^' beakers, heated on a hot plate at 200°C.
The resulting salts are dissolved in hydrochloric acid and deionized water. The solutions are analyzed by atomic absorption spectroscopy after the addition, in certain cases, of appropriate matrix modifiers.
Additional interferences are removed or compensated for through the use of mixed-salt standards and background correction. Further information about the principles of the method can be found in Walsh (8) , Johnson and Maxwell (5) and Pinta (7) .
INTERFERENCES
Numerous interelement interferences, both positive and negative, exist for this procedure and have been amply documented elsewhere (1, 5, 7, 8) .
Interferences are elimated and/or compensated for through the removal of silica by the digestion procedure, dilution, the addition of cesium chloride (CsCl), the use of mixed-salt standards, and the use of a deuterium source background corrector. Teflon (^' beakers, 100 mL capacity, thick wall, capable of withstanding temperatures up to 260°C.
Hot plate, electric or gas, capable of at least 250°C.
Perchloric acid hood, with appropriate washdown facility and gas or electric outlets.
REAGENTS
Aluminum standard solution, 1.00 mL = 1.00 mg Al: Dissolve l.OOOg aluminum metal in 20 mL HC1 (sp gr 1.19) with a trace of mercury salt to catalyze the reaction, and dilute to 1000 mL with demineralized water.
Cesium chloride solution, 4 g/L: Dissolve 4g CsCl of at least 3/9 tns purity ( 10 ppm impurities) in demineralized water and dilute to 1 L.
Hydrochloric acid, concentrated, (sp gr 1.19).
Hydrochloric acid, dilute (1 + 1): Add 250 mL concentrated hydrochloric acid (sp gr 1.19) to 250 mL demineralized water. Store in a plastic bottle.
Hydrochloric acid, dilute, (2 + 98): Add 10 mL concentrated hydrochloric acid (sp gr 1.19) to 490 mL demineralized water. Store in a plastic bottle.
Hydrofluoric acid, concentrated (48-51%), (sp gr 1.17).
Iron standard solution, 1.00 mL = 1.00 mg Fe: Dissolve l.OOOg iron metal in 20 mL HC1 (1 + 1)) and dilute to 1000 mL with demineralized water. Nitric acid, concentrated (sp gr 1.41).
Perchloric acid, concentrated (70-72%), (sp gr 1.67).
Sodium standard solution, 1.00 mL = 1.00 mg Na: Dissolve 2.542g NaCl in demineralized water, add 20 mL HC1 (sp gr 1.19), and dilute to 1000 mL with demineralized water.
Titanium standard solution, 1.00 mL = 1.00 mg Ti: Dissolve 6.135g of ammonium titanyl oxalate in demineralized water, and dilute to 1000 mL with demineralized water.
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Titanium working standard solutions: Take respectively, a 2 mL, 1 mL, and 0.5 mL aliquot of the titanium standard solution, add to each, 10 mL of the aluminum standard solution, 5 mL of the iron standard solution, 3.5 mL of the sodium standard solution, 10 mL of the CsCl solution, and 2 mL HC1 (sp gr 1.19) and dilute to 100 mL in volumetric glassware with demineralized water.
The standards contain, respectively, 20,10, and 5 mg/L titanium. This procedure can be used with sample weights of between 0.2500 and l.OOOOg, with appropriate adjustments to the final solution volumes and acid strengths. Larger sample weights may be used, but will almost certainly require a triple digestion with HF and This step is designed to oxidize organic matter in the sample. It is imperative that this step be carried out prior to the addition of perchloric acid, otherwise a violent explosion could occur.
PROCEDURE
Remove the beakers from the hot plate and wait 5 minutes. Add 6 mL HF (sp gr 1.17) and 2 mL HC104 ^S P §r 1-67), and return the beakers to the hot plate.
Continue heating until the evolution of white perchloric fumes and the solutions have reached incipient dryness; however, do not bake the residues.
Remove the beakers from the hot plate, wait 5 minutes, and repeat the process again. Remove the beakers from the hot plate, wait 5 minutes, and add 2 mL HC104 (sp gr 1.67) and return the beakers to the hot plate. Continue heating until the evolution of white perchloric fumes and the solution reaches incipient dryness; however, do not bake the residues. Remove the beakers from the hot plate, lower the hot plate temperature to 100°C, and add 2 mL dilute HC1 (1+1) and swirl the beaker; add 10 mL demineralized water and return to the hotplate until the residues dissolve. The additional dilution is required to eliminate interferences due to density differences (1) , and the CsCl acts as an ionization suppressant.
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Titanium determinations by atomic absorption are subject to severe interferences and sensitivity is heavily dependent on flame stoichiometry (6, 8) . Adjust the nitrous oxide flame so that it is nearly luminous (increase the fuel flow until the reducing red cone turns orange-yellow, then reduce the fuel flow until the flame just becomes red again). The CsCl acts as an ionization suppressant. The reporting limits for each major constituent are as follows: aluminum (nearest 1000 mg/kg), calcium (nearest 1000 mg/kg), iron (nearest 1000 mg/kg), magnesium (nearest 1000 mg/kg), manganese (nearest 100 mg/kg), potassium (nearest 1000 mg/kg), sodium (nearest 1000 mg/kg), and titanium (nearest 1000 mg/kg). As 10,000 mg/kg equals 1%, Al, Ca, Fe, Mg, K, Na, and Ti should be reported to the nearest tenth of a percent; Mn should be reported to the nearest hundreth of a percent. The reporting limits for each minor constituent are as follow: cadmium (nearest 0.1 mg/kg to 10, above 10, nearest mg/kg), chromium (nearest 1 mg/kg), cobalt (nearest 1 mg/kg), copper(nearest 1 mg/kg), lead (nearest 1 mg/kg), lithium (nearest 1 mg/kg), nickel (nearest 1 mg/kg), strontium (nearest 1 mg/kg) and zinc (nearest 1 mg/kg).
PRECISION AND ACCURACY
The precision and accuracy of this method was determined by replicate analyses As an additional check for the minor elements, 6 of the samples, already dried and ground, were sent to another laboratory for dissolution and subsequent quantitation. The results of the two sets of analyses are presented (table   5) . Quantitation by the outside laboratory for all elements but Ti, came from an HF/HC104/HN03 digestion with subsequent quantition by flame or flameless 
x* -all concentrations in weight percent (1% = 10,000 mg/kg) F^ -fusion with lithium metaborate/tetraborate followed by AAS quantitation WI>3 -this method As can be seen from all the comparative data on standards and samples, analytical precision and accuracy, as well as comparability, is quite good (tables 3, and 4, and 5.) All these results indicate that very precise and accurate analyses can be obtained on rocks and sediments by using flame atomic absorption spectroscopy.
